Abstract: We demonstrate that spatial quantum correlations are induced by multiple scattering of squeezed light. The correlation relates multiple scattered photons at different spatial positions, and is tunable by varying photon fluctuations of the illuminating beam.
Introduction
Multiple wave scattering is an interdisciplinary research field of fundamental and practical importance for nanophotonics, acoustics, and even seismology. Recently, the interest in the quantum nature of multiple scattered light has increased rapidly [1, 2] , however so far the sparse experiments on quantum noise in multiple scattering media have been in a regime where a phenomenological classical description of classical noise suffices [3, 4] . Here, we present the experimental realization of spatial correlations of photons of genuine quantum origin that are induced by multiple scattering of squeezed light.
An illustration of the spatial quantum correlation is shown in Fig. 1a . The correlation strength is quantified by the spatial quantum correlation function As a non-classical source we use vacuum squeezed light generated with a periodically poled KTiOPO4 crystal. The vacuum squeezed state is characterized by the technique of quantum tomography where the Wigner function is reconstructed based on phase-sensitive measurements of the quantum fluctuations (Fig. 1b) . We observe that the vacuum squeezed state shows strongly reduced fluctuations in the x electric field amplitude at the expense of enhanced fluctuations in the p amplitude. The vacuum squeezed state is overlapped with a bright displacement beam on a beam splitter. Depending on the phase difference between the vacuum squeezed state and the displacement beam we are able to tune the photon fluctuations of the light source below and above the classical limit corresponding to a coherent state.
The multiple scattering samples consist of TiO 2 particles and the sample thickness is varied between 6 µm and 20 µm. The samples are illuminated with the squeezed light source and the total transmitted photon fluctuations are recorded with a spectrum analyzer. From these measurements the spatial quantum correlation function C Q abab can be determined [2] . We observe negative (positive) spatial correlations for incident non-classical (classical) fluctuations. The strength of the spatial quantum correlations can be tuned continuously by varying the photon fluctuations of the light source. This pronounced behavior is clearly demonstrated in Fig. 2a and it is in excellent agreement with theory. Furthermore, the spatial correlation function is predicted to be independent of the sample thickness, which holds in the diffusive regime of multiple scattering. This behavior is experimentally confirmed as well, see Fig. 2b .
Conclusion
We have presented the first experimental demonstration of spatial quantum correlations that are induced by multiple scattering of squeezed light. The quantum state of our light source was fully characterized by quantum tomography. Depending on the photon fluctuations of the light incident on the sample we demonstrated continuous tuning of the spatial correlation strength. The experimental results were found to be in excellent agreement with the full quantum optics theory for multiple scattered light.
